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Abstract 
Problem 

To provide a dispensing apparatus which is capable of accurately dispensing a fluid and 
which can be reduced in size. 



Solution 

The dispensing apparatus comprises pipe 14 with nozzle 4 on its lower end side and 
reagent bottle 1 , which contains a liquid, such as a reagent or specimen to be dispensed, mounted 
on the upper end side. First micro valve 5, micro-regulator 6, micro-pressure sensor 7, second 
micro valve 8, and micro-pump 15 are connected to said pipe 14 in that order from the top down. 
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The pressure of the reagent which flows in the pipe is measured by aforementioned pressure 
sensor 7, and regulator 6 holds the flow rate of the reagent flowing in the pipe constant based on 
the measured pressure. The amount of reagent dispensed via the nozzle is controlled by 
controlling the amount of time the second microvalve is opened and closed. 




Claims 

1 . Dispensing apparatus comprising a delivery opening which is provided at one end, a 
pipe through which the fluid to be dispensed flows, a pressure sensor that detects the pressure of 
the fluid flowing through said pipe and compares it with a reference pressure, a regulator that 
executes feedback control based on said comparison so as to keep the flow rate of the fluid 
constant, and a valve that can be opened and closed so that the fluid flowing at the constant flow 
rate can flow for a prescribed amount of time. 

2. Dispensing apparatus comprising a delivery opening which is provided at one end, a 
pipe through which the fluid to be dispensed flows, a pressure sensor that detects the pressure of 
the fluid flowing through said pipe and compares it with a reference pressure, a regulator that 
executes feedback control based on said comparison so as to keep the flow rate of the fluid 
constant, a gas introduction means that introduces a gas into the fluid flowing at the constant 
flow rate so as to produce a series of fluid parts separated by the gas at fixed intervals, a valve 
that can be opened and closed so as to allow said series of fluid parts to flow to the delivery 
opening, and a control means upstream to said valve capable of counting the passing of the 
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separated fluid parts so as to open and close the aforementioned valve to allow the passage of a 
prescribed number of gas parts. 

3. Dispensing apparatus comprising a container into which a fluid is supplied in an 
amount greater than the amount to be dispensed at the upper end; a pipe having a horizontal 
section located below the level of the aforementioned upper end; a fluid confinement part located 
between the aforementioned upper end and the horizontal section and that forms a bend 
therebetween; and a branched, vertical part that branches down at a point on the aforementioned 
horizontal section and that is provided with a delivery opening at its lower end; a first valve 
located in a horizontal section formed between the other end of the aforementioned horizontal 
section and the branched vertical part and that can be opened and closed; a second valve that can 
be opened and closed located in the branched vertical part of the aforementioned pipe; and a 
pump which allows a prescribed amount of fluid supplied through the aforementioned container 
and the fluid confinement part and that has accumulated in part of the horizontal section while 
the first valve is open and the second valve is closed to flow to the delivery opening by closing 
the first valve and opening the second valve. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a dispensing apparatus used for dispensing a prescribed 
amount of reagent or specimen. 

[0002] 
Prior art 

In recent years, the development of clinical testing equipment has been remarkable in 
terms of automation and multitasking capability. A reagent or a specimen corresponding to the 
item to be measured is dispensed accurately into a measuring cell using a dispensing apparatus, 
and colorimetric analysis is conducted after a prescribed reaction period. In addition, application- 
specific sensors for detecting sample characteristics can also be installed. Although auto- 
analyzers of this type contain many dispensing apparatus and photometers and are large in size, 
they serve many functions, such as mass-processing, multi-type processing, emergency-care 
processing, etc. 
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[0003] 

On the other hand, micromachining technologies are being developed as basic 
technologies, by which means micromachining of silicon utilizing semiconductor lithographic 
techniques and micromachining of other materials besides silicon are now being realized. 

[0004] 

The present inventor proposed "Sensor Structure and its Manufacturing Method," in 
which a sensor is built into a fluid flow path formed using silicon, in Japanese Kokai Patent 
Application No. Hei 3[1991]-122558 as an embodiment of this type of technology. Mr. Esashi of 
Tohoku University discloses microvalves in Japanese Kokai Patent Application No. Hei 
1 [1989]-213523 and Japanese Kokai Patent Application No. Hei 6[1994]-95745, and a micro- 
pump in Japanese Kokai Patent Application No. Hei 1 [1989]-266376, as devices which involve 
more complex machining. In addition, a valve for gases is already available commercially: it is 
sold under the product name Fluistor by US Redwood Microsystems, Inc. Said valve is 5.5 x 
6.5 x 2 mm in size, and flow rates of 30 mL/min can be achieved. 

[0005] 

Furthermore, attempts have also been made to design analyzers by combining micro- 
pumps and microvalves (Japanese Kokai Patent Application No. Hei 1 [1 989J-1 78641, Japanese 
Kokai Patent Application No. Hei 4[1992]-151534, and Japanese Kokai Patent Application No. 
Hei 5[1993]-240872) wherein a micro-pump, microvalves, and a sensor or photometer are 
combined. The micro-pump and the microvalves are used to send a fluid to the photometer for 
measuring. As a result, a very small analyzer can be configured. 

[0006] 

In addition, as a dispensing apparatus to which micromachining technology is applied, a 
configuration in which microvalve 3 and micro-pump 2 are provided at points on a pipe, and a 
fluid dispensed through nozzle 4 provided at the front end is delivered as shown in Figure 8 is 
also devised. The required amount of fluid is dispensed through nozzle 4 by driving pump 2 for a 
fixed amount of time using this kind of configuration. Furthermore, said valve 3 is used to assure 
clean separation of the fluids. 

[0007] 

Problems to be solved by the invention 

Because conventional popular dispensing apparatus are configured with syringes, 
solenoids, and motors, for example, there is the problem that even when a small amount of fluid, 
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for example, several tens to several hundreds of |iL (microliters), is to be processed, the device is 
several 1000 to 10,000 times larger than the amount of fluid processed. In addition, as mentioned 
above, although attempts have been made to design analyzers by combining microvalves with 
micro-pumps, the fluid can only be moved to the test section at the present time, and no 
dispensing mechanism for diluting and mixing fluids accurately for achieving precise 
measurement results has yet been devised. In addition, in the case of the aforementioned Fluistor 
dispensing apparatus, the dispensing accuracy primarily relies on the performance of the pump. 
However, in practice, said pump and valves which are formed by micromachining, often have 
simple structures, and they cannot be expected to produce a significant driving force. Thus, the 
dispensing precision tends to be affected by the properties of the given fluid (pressure, viscosity, 
temperature, etc.). Thus, the purpose of the present invention is to present a dispensing apparatus 
that can be reduced in size but is capable of accurately dispensing fluids while addressing the 
aforementioned problems. 

[0008] 

Means to solve the problems 

The dispensing apparatus pertaining to the first embodiment of the present invention is 
characterized in that it comprises a delivery opening provided at one end, a pipe through which 
the fluid to be dispensed flows, a pressure sensor that detects the pressure of the fluid flowing in 
said pipe and compares it with a reference pressure, a regulator that executes feedback control 
based on said comparison so as to keep the flow rate of the fluid constant, and a valve that can be 
opened and closed so that the fluid flowing at the constant flow rate flows for a prescribed 
amount of time. 

[0009] 

The present embodiment is further characterized in that the fluid pressure control 
mechanism is incorporated into the dispensing mechanism so as to keep the flow rate of the fluid 
which flows in the dispensing apparatus constant, and accurate dispensing is achieved by 
controlling the valve opening/closing time. 

[0010] 

That is, when the flow rate of the fluid which flows in the dispensing apparatus changes, 
the pressure of the fluid changes at the same time. Said change is detected by the pressure sensor, 
and the detection result is fed back to the regulator in order to control the flow rate of the fluid 
which passes through the regulator. When said two elements (pressure sensor and regulator) are 
used in the feedback circuit, the flow rate of the fluid which flows in the pipe can be kept 
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constant even when the flow rate of the incoming fluid changes. The valve has the function of 
allowing and cutting off the flow of the fluid. Said feedback circuit and the valve are combined 
in order to keep the flow rate of the fluid which passes through the dispensing apparatus constant, 
and the opening/closing time of the valve provided downstream is controlled precisely in order to 
effect accurate dispensation. 

[0011] 

Furthermore, the pressure sensor may have any of various, structures, for example, it may 
use a thin-film with a structure that is easily deformed by pressure but exhibits a piezoelectric 
effect. For example, a sensor in which changes in the resistance of silicon is detected using a 
cantilever structure formed by means of micromachining of silicon may be used for this purpose. 
In addition, the one sold under the aforementioned name Fluistor is one such example. Although 
its basic structure is the same as that of a valve, the pressure is controlled by changing the flow 
rate of the fluid by appropriately controlling the spacing between the fluid outlet and the valve. 
When used in combination with a pressure sensor, said regulator can be set to a prescribed 
pressure. Then, as a valve, the flow of the fluid is shut off or released by closing or opening the 
valve. Those valves described in aforementioned Japanese Kokai Patent Application No. Hei 
1 [1 989]-2 1 3523 and Japanese Kokai Patent Application No. Hei 6[1 994]-95745 and Fluistor 
may be used for this purpose. In addition, said valve may be of the normally-open or 
normally-closed type. 

[0012] 

The dispensing apparatus pertaining to the second embodiment of the present invention is 
characterized in that it comprises a delivery opening provided at one end, a pipe through which 
the fluid to be dispensed flows, a pressure sensor that detects the pressure of the fluid flowing 
through said pipe and compares it with a reference pressure, a regulator that executes feedback 
control based on said comparison so as to keep the flow rate of the fluid constant, a gas 
introduction means that introduces a gas into the fluid flowing at the constant flow rate so as to 
produce a series of fluid parts separated by the gas at fixed intervals, a valve that can be opened 
and closed so as to allow said series of fluid parts to flow to the delivery opening, and a control 
means upstream to said valve capable of counting the passing of the separate fluid parts so as to 
open and close the aforementioned valve to allow the passage of a prescribed number of gas 
parts. 
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[0013] 

Although the valve opening/closing time is precisely controlled in order to realize 
accurate dispensation in the first embodiment, the accuracy of said valve opening/closing time 
relies on the response speed of the opening/closing of the valve. In general, the response time 
decreases with the size of the valve. In order to further assure said precision, in the second 
embodiment, a gas is introduced into a fluid which flows at a constant flow rate so as to produce 
a series of fluid parts each separated by a gas, where the number of passing fluid parts is counted 
to measure the amount dispensed, and the valve is opened and closed accordingly in order to 
realize precise dispensation without relying on the opening/closing response speed. 

[0014] 

In the aforementioned first and the second embodiments, it is preferable that a container 
which holds the fluid to be supplied to the pipe and connected to one end of the aforementioned 
pipe is provided, and the pressure of the fluid in said container is used to allow the fluid to flow 
through the aforementioned pipe. 

[0015] 

Because pumps and valves formed by micromachining are very small, they cannot be 
expected to produce a significant driving force. Therefore, in order to extract the fluid, such as a 
reagent, from the fluid container, a supplementary transport means is needed. Here, the pressure 
created by the fluid in the container is used as the driving force in order to enable the driving of 
the dispensing apparatus without requiring a supplementary transport means. 

[0016] 

The dispensing apparatus pertaining to the third embodiment of the present invention is 
characterized in that it is equipped with a container into which a fluid is supplied in an amount 
greater than the amount to be dispensed at the upper end; a pipe having a horizontal section 
located below the level of the aforementioned upper end; a fluid confinement part located 
between the aforementioned upper end and the horizontal section and that forms a bend 
therebetween; and a branched part that branches down vertically at a point on the aforementioned 
horizontal section and that is provided with a delivery opening at its lower end; a first valve 
located in a horizontal section formed between the other end of the aforementioned horizontal 
section and the branched part and that can be opened and closed; a second valve that can be 
opened and close located in the branched part of the aforementioned pipe; and a pump which 
allows a prescribed amount of fluid supplied through the aforementioned container and the fluid 
confinement part and that has accumulated in part of the horizontal section while the first valve is 
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open and the second valve is closed to flow to the delivery opening by closing the first valve and 
opening the second valve. 

[0017] 

The first and the second valves and the pump used in the third embodiment may be the 
same as those explained in the first embodiment. A conical or quadrilateral cup which tapers 
toward the bottom is sufficient as the container which supplies the fluid, and it can be formed 
relatively easily by anisotropic etching of silicon or by etching or micromachining a glass plate. 
The fluid confinement part of the aforementioned pipe and part of the horizontal section 
constitute a volume meter, and a prescribed amount of fluid is delivered by said volume meter. A 
pump of the type disclosed in Japanese Kokai Patent Application No. Hei 1 [1989]-266376 or a 
pump formed by arranging multiple valves and operating them sequentially can be used as the 
aforementioned pump. 

[0018] 

At said volume meter, the end of the fluid confinement part on the container side and the 
end of the horizontal part on the first valve side are open to free passage to the outside; when 
fluid is applied dropwise from the end on the container side, the fluid level on the side of said 
end is maintained at the same level as that of the horizontal part. As a result, a fixed amount of 
fluid is confined in said volume meter at all times. Furthermore, because said volume meter is 
formed by bending a pipe into a prescribed shape, for example, into a U-shape, as is the case in 
the application example, a precision volume meter can be easily formed. A precise dispensing 
apparatus can thereby be configured with appropriate design of the valves and pump to extract 
the fluid confined in said volume meter. If a plurality of dispensing apparatus as described in the 
aforementioned first through third embodiments are used, one dispensing apparatus being 
connected to the delivery opening of another using a common pipe with a common delivery 
opening and a gas supply means which is provided on the common pipe placed between the 
junctions of said common delivery opening and the aforementioned delivery openings so as to 
supply a gas between the fluids which flow into the common pipe from the different dispensing 
apparatus in order to separate said different fluids in the common pipe using the gas, a dispensing 
apparatus array can be configured. 

[0019] 

During general analysis, often either various types of reagents are used one at a time, or 
two or more types of reagents are used as mixtures. If the dispensing apparatus array formed by 
combining dispensing apparatus is used in such cases, the size of the analyzer can be reduced. If 
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many types of reagents are used and become unintentionally mixed, accurate analysis cannot be 
effected. Thus, in the case of said dispensing apparatus array, a gas is supplied between the 
different fluids which flow into the common pipe from the different dispensing apparatus in 
order to separate said different fluids inside the common pipe. As a result, the reagents never 
become unintentionally mixed, so that accurate analysis can be effected. 

[0020] 

By combining dispensing apparatus array configured using the dispensing apparatus of 
the present invention with a main pipe with a delivery opening at one end in which the fluid to be 
dispensed flows, first and second valves that can be opened and closed provided in sequence 
toward the delivery opening at points on said main pipe, a bypass pipe with an inlet opening and 
an outlet opening connected between said valves so as to form a bypass in order to shunt the fluid 
from the main pipe when the second valve is closed, a third valve that can be opened and closed 
provided on said bypass pipe, a pump that allows the fluid from the bypass pipe to flow to the 
delivery opening when the second and the third valves are open, and a photometer which is 
provided on the main pipe between the second valve and the delivery opening so as to carry out 
photometric analysis of the fluid which has passed through the second valve, a measuring unit 
can be configured. 

[0021] 

Said measuring unit can be used for optical measurement after two or more types of 
reagents and samples are mixed. In said measuring unit, the second valve is closed, and the first 
valve is opened so as to introduce different types of fluids from the dispensing apparatus array 
into the bypass pipe in sequence via the first valve; then said first valve is closed, the third valve 
is opened, and the pump is actuated in order to allow the fluids to circulate in the bypass passage. 
The different types of fluids independently introduced are gradually mixed as they circulate. 
After mixing is completed, and a prescribed reaction period has passed, colorimetric and 
fluorometric measurements of the fluid are carried out. Once the measurements have been 
completed, the second valve is opened while the first valve is kept closed in order to drain the 
test fluid to the outside. Such a feature allows the separate fluids to be mixed as needed and 
optical measurements to be efficiently conducted. In addition, since such a feature comprises a 
mechanism for draining of the analyte fluid after measurement, the next measuring can be carried 
out without interruption. 
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[0022] 

A temperature regulator is provided in said measuring unit below the overall bypass to 
apply heat during the reaction time after the fluids are mixed so as to keep the temperature 
constant in order to reduce the reaction time and to effect good reaction reproducibility. 



[0023] 

Because the aforementioned measuring unit is basically fabricated using semiconductor 
lithographic techniques and micromachining technology, the same integration levels as those of 
semiconductor IC technology can be achieved. For example, as described in the aforementioned 
discussion of the prior art, when each valve is made 5.5 x 6.5 x 2 mm in size and formed on a 
4-inch silicon wafer or a 100 mm glass plate, approximately 200 valves can be mounted there. 
Even if three valves are used to constitute one pump, approximately 60 units can be mounted in 
terms of the dispensing apparatus of the first embodiment, approximately 30 units or so in terms 
of the dispensing apparatus of the second embodiment, approximately 20 units in terms of the 
dispensing apparatus of the third embodiment, and approximately 40 units in terms of the 
measuring unit. Furthermore, if large-scale microtechnology, such as that used in fabricating 
liquid-crystal displays, is adopted, the units can be formed on an even larger plate. 

[0024] 

Therefore, a large number of measurements can be carried out efficiently by constituting 
an analyzer unit made up of a plurality of analyzer units, each comprised of a dispensing 
apparatus unit and a measuring unit. 

[0025] 

In the case of the dispensing apparatus of the present invention, a microsensor array and 
an optical measuring unit are combined to form each analyzer unit, and said analyzer units are 
arranged into a matrix, so that an analyzer capable of measuring several parameters of a plurality 
of samples can be configured. 

[0026] 

If 4 analyzer units are to be used, analyzer units with the same function can be arranged 
vertically, and analyzer units with different functions can be arranged horizontally; the first and 
the second pipelines are connected to the multiple analyzer units for which different reagents are 
combined for one measuring parameter in the vertical direction, and the third and the fourth 
pipelines are connected to the neighboring analyzer units similarly arranged in the vertical 
direction. In addition, the pipe from the first sample inlet is connected to the two upper-stage 
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dispensing apparatus units arranged in the horizontal direction, and the second sample inlet is 
similarly connected to the two lower-stage dispensing apparatus units. Then, the common 
pipeline for draining the waste fluids is connected to the respective dispensing apparatus units 
arranged in the horizontal direction. When this configuration is used, two parameters for each 
sample can be measured simultaneously by the two analyzer units arranged in the horizontal 
direction. Furthermore, if the series of dispensing apparatus units arranged side by side are 
arranged in the vertical direction, multiple parameters for multiple samples can be measured 
simultaneously. 

[0027] 

The aforementioned analyzer can be configured by further combining multiple units of 
multiple analyzer unit arrays which are provided on one substrate. In this case, 4 card-shaped 
analyzer unit arrays are housed in the form of files; and each analyzer unit array is provided with 
a reagent pipeline, a sample inlet, and a waste fluid drain line. Since multiple analyzer unit arrays 
can be combined in this way since a throughput equivalent to that of an auto-analyzer can be 
achieved, and since the number of analyzer unit arrays to be combined can be easily modified, a 
design in accordance with any given device specifications can be easily realized. 

[0028] 

Application examples 
Application Example 1 

The first application example of the micro-dispensing apparatus of the present invention 
is shown in Figure 1 . Said dispensing apparatus is equipped with thin pipe 14 which extends 
downwardly and is provided with fluid delivery nozzle 4 at its lower end. A container made up of 
reagent bottle 1 containing a reagent or sample fluid to be dispensed is attached to the upper end 
of said pipe 14 in a detachable manner. Said reagent bottle 1 is connected to pipe 14 in such a 
way that the fluid it contains can gradually flow into pipe 14 due to gravity since it is connected 
to pipe 14 with its opening facing down. Then, said pipe 14 is provided with first microvalve 5, 
micro-regulator 6, micro-pressure sensor 7, second microvalve 8, and micro-pump 15 in that 
order from the top down. Said micro-pressure sensor 7 is formed from a thin film with a structure 
which is easily deformed by pressure but exhibits a piezoelectric effect, so that various structures 
can be realized. For example, a known micro-pressure sensor with a cantilevered structure 
formed by micromachining silicon can be used. In addition, the micro-regulator sold under the 
name Fluistor, described in aforementioned prior art, for example, can be used as the 
aforementioned micro-regulator 6; here, although the basic structure is the same, the pressure is 
regulated by changing the flow rate of the fluid by controlling the spacing between the fluid 



outlet opening and the valve appropriately. Therefore, the fluid can be set at a prescribed pressure 
when the aforementioned micro-pressure sensor 7 is combined, and the fluid which flows in pipe 
14 can be maintained at a prescribed flow rate. The valve described in Japanese Kokai Patent 
Application No. Hei 1 [1989]-266376, in which a fluid flow path and a valve made from a 
silicone rubber sheet are formed on a glass plate or a silicon substrate, and an actuator for 
opening and closing said valve is provided, for example, can be used as the aforementioned 
microvalves 5 and 8. Said microvalve may be a normally-open or normally-closed type. A pump 
of the type described in Japanese Kokai Patent Application No. Hei l[1989]-266376 or a pump 
in which three or more valves are arranged and driven in sequence can be used as aforementioned 
micro-pump 15. 

[0029] 

Next, the operations of the dispensing apparatus with the aforementioned configuration 
will be explained. Reagent bottle 1 is attached to the upper end of pipe 14 in the manner 
illustrated, and first microvalve 5 is opened. As a result, the reagent in reagent bottle 1 drips little 
by little into pipe 14 by its own weight and flows down through said pipe 14. Said reagent flows 
through micro-regulator 6 and reaches micro-pressure sensor 7. At this time, the pressure of the 
flowing reagent is measured by micro-pressure sensor 7, and the measured pressure is compared 
with a preset reference pressure. Then, a signal is sent to micro-regulator 6 so that micro- 
regulator 6 can increase the flow rate when the measured pressure is higher than the reference 
pressure or decrease the flow rate when it is lower, and micro-regulator 6 regulates the flow rate 
of the reagent based on said signal. That is, micro-regulator 6 is controlled by means of feedback 
control according to the signal from micro-pressure sensor 7 so as to keep the flow rate of the 
fluid constant. Since said flow rate is constant, the flow rate of the fluid which passes micro- 
regulator 6 is also constant. The reagent whose flow rate is kept constant then reaches second 
microvalve 8. At this time, a prescribed amount of reagent is dispensed through nozzle 4 by 
controlling the opening/closing time of microvalve 8. As a result, the prescribed amount of 
reagent can be dispensed through nozzle 4. Said dispensation of the reagent through nozzle 4 
may be realized by driving micro-pump 15 as required. 

[0030] 

Here, in Figure 1, reference number 13 indicates a pipe which connects the interior of 
bottle 1 to the outside in order to prevent the generation of negative pressure in reagent bottle 1 
as the reagent drips into pipe 14. 
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[0031] 

In the case of the dispensing apparatus with the aforementioned configuration, because 
the relationship between pressure and flow rate is fixed according to Bernoulli's theorem, the 
flow rate of the fluid can be monitored by monitoring the pressure. 

[0032] 

In the case of the dispensing apparatus of the present application example, because the 
reagent is led out from the bottom of reagent bottle 1 , and the pressure of the fluid in the bottle is 
used as a fluid transport force, the transport pump can be eliminated, so that the structure can be 
simplified, and the size of the device can be further reduced. In addition, because the feedback 
circuit for keeping the flow rate constant is formed using micro-regulator 6 and micro-pressure 
sensor 7, the amount dispensed can be maintained highly accurately even if the amount of 
reagent that flows into the micro-dispensing apparatus varies. 

[0033] 

Furthermore, because the micro-regulator has a structure which bears a close resemblance 
to that of a valve, it can be made to serve the function of a valve, so that the dispensing apparatus 
with the exclusion of the microvalve can be configured using only a micro-pressure sensor 7 and 
micro-regulator 6. In addition, because said micro-dispensing apparatus does not have the 
function of transporting the reagent, micro-pump 15 may be provided at the inlet or outlet 
opening of the dispensing apparatus in order to add the reagent transport function. 

[0034] 

In addition, the position of micro-pressure sensor 7 does not matter as long as it is 
provided near micro-regulator 6, and good feedback can be realized when it is provided not only 
downstream but also upstream of the micro-regulator. 

[0035] 

Application Example 2 

A second application example of the dispensing apparatus of the present invention is 
shown in Figure 2. Said dispensing apparatus is equipped with thin pipe 14a which extends down 
and is provided with fluid delivery nozzle 4a at its lower end. A container made up of reagent 
bottle la containing a reagent or sample fluid to be dispensed is attached to the upper end of said 
pipe 14a in a detachable manner. Said reagent bottle la is connected to pipe 14a in such a way 
that the fluid it contains gradually flows into pipe 14a from its own weight since it is connected 
to pipe 14a with open end down. Said pipe 14a is provided with first microvalve 5a, micro- 
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regulator 6a, micro-pressure sensor 7a, microvalve sensor 10a, and second micro valve 1 la in that 
order from the top down. In addition, one end of branch pipe 14b is connected between micro- 
pressure sensor 7a and microvalve sensor 10a of said pipe 14a. Third microvalve 8a and micro- 
pump 9a are provided in that order on branch pipe 14b. In addition, a means (not illustrated) 
which sends a gas, such as air, into pipe 14a via branch pipe 14b so as to turn the reagent which 
flows in pipe 14a into a series of fluid parts which are separated at fixed intervals by the gas is 
connected to the other end of said branch pipe 14b. A blower mechanism which blows air 
continuously at a constant flow rate or a pressure-holding mechanism which keeps branch pipe 
14b at a fixed gas pressure is used for said gas introduction means. Microvalves 5a, 8a, and 1 la, 
micro-regulator 6a, micro-pressure sensor 7a, and micro-pump 9a utilized in the present 
application example may be similar to those described in the first application example. In 
addition, microvalve sensor 1 0a can be a means that uses a photo-coupler to count the number of 
fluid parts separated at fixed intervals by the gas by exploiting the difference in light 
transmissivity between the reagent and the air in pipe 14a or a means in which a pair of 
electrodes are formed at either end of the flow path, where the number of the fluid parts is 
counted based on differences in conductivity. 

[0036] 

Operations of the dispensing apparatus of the second application example will be 
explained below. As first microvalve 5a is opened, the reagent goes through pipe 14a from the 
bottom of reagent bottle la and reaches micro-pressure sensor 7a via microvalve 5a and micro- 
regulator 6a. The pressure of the flowing reagent is measured by micro-pressure sensor 7a; 
feedback is applied to micro-regulator 6a to increase the flow rate if the pressure is higher than 
setpoint pressure or to reduce the flow rate if it is below said setpoint pressure. Therefore, the 
flow rate of the reagent which has passed micro-regulator 6a is held at the same level. Air 
introduction branch pipe 14b is connected at a point on the pipe in which the flow is maintained 
at the same level. Said air introduction branch pipe 14b is provided with third microvalve 8a and 
micro-pump 9a, whereby air is sent forcibly at a constant rate into the reagent which flows in 
pipe 14a at a constant flow rate in order to produce a flow in which the air and the reagent are 
divided into sections at fixed intervals. That is, the reagent flowing in pipe 14a is turned into a 
series of reagent parts 2b separated at fixed intervals by air lb. Said segmented flow is monitored 
using valve sensor 10a, the number of passing reagent parts 2b is counted, and the 
opening/closing time of microvalve 1 la provided at downstream is controlled accordingly, so 
that a prescribed amount of reagent can be dispensed through nozzle 4a. 
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[0037] 

Here, air pipe 1 3a is a pipe used to supply air in order to prevent a drop in the 
atmospheric pressure applied to the reagent in reagent bottle la. In addition, because the 
relationship between pressure and flow rate is fixed according to Bernoulli's theorem, the flow 
rate of the fluid can be monitored by monitoring the pressure. 

[0038] 

In the case of said dispensing apparatus of the second application example, because the 
reagent is led out from the bottom of reagent bottle la, and the pressure of the reagent in the 
bottle is used as a force to transport the reagent, the transport pump can be eliminated, so that the 
structure can be simplified, and the size of the device can be further realized. In addition, because 
the feedback circuit for keeping the flow rate constant is formed using micro-regulator 6a and 
micro-pressure sensor 7a, the amount dispensed can be maintained highly accurately even if the 
amount of reagent that flows into the micro-dispensing apparatus varies. Furthermore, although 
the timing accuracy for opening/closing second valve 11a relies on the response speed of said 
valve 11a, which thus affects the dispensation precision, precise dispensation can be effected 
without relying on the opening/closing response speed by introducing air bubbles intermittently 
into the reagent which flows at a constant rate to produce a series of reagent parts 2b and 
counting the number of said bubbles passed so as to control the opening/closing of valve 1 1 a. 

[0039] 

Furthermore, because micro-regulator 6a has a structure which bears a close resemblance 
to that of a valve, it can be made to serve the function of a valve, so that the dispensing apparatus 
with the exclusion of the microvalve can be configured using only micro-pressure sensor 7a and 
micro-regulator 6a. In addition, the position of micro-pressure sensor 7a does not matter as long 
as it is provided near micro-regulator 6a, and good feedback can be achieved when it is provided 
either before or after micro-regulator 6a. 

[0040] 

Application Example 3 

A third application example of the dispensing apparatus of the present invention is shown 
in Figure 3. Said dispensing apparatus 17 comprises branch horizontal part 17a, which is below 
the level of the upper end where cup-like container 8 is provided; fluid confinement part 17b, 
which is located between a horizontal part that bends downwardly from one end of said 
horizontal part 17a, and the aforementioned upper end; and vertical part 17c, which branches 
down from a point on aforementioned horizontal part 1 7a and is equipped with a nozzle with a 
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delivery opening at its lower end. First microvalve 10, fluid sensor 11, and first micro-pump 12a 
are provided in that order in the downstream direction from horizontal part 17a of said pipe 17. 
The tip of said horizontal part 1 7a is open and connected to the outside. In addition, 
aforementioned vertical part 17c is provided with second microvalve 16 and second micro-pump 
12b in that order in the downstream direction. Aforementioned fluid confinement part 17b can be 
formed by bending the pipe into a U-shape from the base end of level part 17a. 

[0041] 

Microvalves 10 and 16 and micro-pumps 12a, 12b used in the third application example 
may be identical to those described in the first application example. In addition, the valve sensor 
described in the second application example can be used as fluid sensor 1 1 without 
modifications. Because cup-shaped container 8 is either conical or quadrilateral as shown in the 
figure, it can be formed relatively easily by anisotropic etching of silicon or by etching or 
micromachining of a glass plate. Aforementioned fluid confinement part 17b can be used with 
the portion of level part 17a up to valve 10 so as to function as a micro-volume meter. A micro- 
pump of the type described in Japanese Kokai Patent Application No. Hei l[1989]-266376 or 
one formed by arranging multiple valves and driving them in sequence can be used as micro- 
pumps 12a, 12b. 

[0042] 

The dispensing apparatus of said third application example is distinctive in that the 
micro-volume meter is used to collect only a limited amount of fluid by using the volume of said 
volume meter. Its operations will be explained below according to Figure 3. 

[0043] 

Initially, first valve 10 is opened, and the fluid is dripped into cup-shaped container 8 as 
indicated by the arrow while second valve 16 is kept open. Any amount can be dripped as long as 
it is greater than or equal to the prescribed amount. As a result, a prescribed amount of dripped 
fluid is confined in confinement part 17b, and excess fluid passes through first valve 10 and is 
drained to the outside from the tip of horizontal part 17a. First valve 10 is then closed, second 
valve 16 is opened, and second pump 12b is activated in order to dispense the fluid confined in 
the volume meter through the nozzle as indicated by the arrow. Similarly, after first valve 10 is 
closed, first pump 12a is also activated in order to discharge the excess fluid confined at a part of 
horizontal part 1 7a on the downstream side of the first valve 1 0 to the outside. 
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[0044] 

The operation of the aforementioned micro- volume meter will now be explained in 
greater detail. When the fluid is dripped into the U-shaped pipe which is open on both sides, the 
fluid maintains the same level at either end of the pipe due to the hydrostatic pressure. As shown 
in Figure 3, when one of the U-shaped pipes is bent horizontally (or even lower), the fluid can be 
confined only below the points where the U-shaped structure is bent on both sides. Therefore, 
even when the fluid is dripped into the U-shaped pipe in an amount greater than the prescribed 
amount, the amount of fluid confined in the U-shaped pipe remains the same, and the portion of 
the fluid in excess of the confined amount flows into the bent flow path, that is, horizontal part 
17a. First microvalve 10 is provided at a point on said flow path, and it is switched from the open 
state to the closed state in order to shut off the inflowing fluid midway. In addition, because 
second microvalve 16 is kept closed during said metering, and vertical part 17c is very narrow, 
the fluid never flows into vertical part 17c. Therefore, the fluid remains inside the volume meter 
which is formed by fluid confinement part 17b and the portion of level part 17a as indicated by 
the hatching, and only said metered fluid can be dispensed by opening second microvalve 1 6 and 
actuating second micro-pump 12b. Therefore, a precision micro-volume meter can be formed. 

[0045] 

Aforementioned fluid sensor 1 1 is used to check whether the fluid is dripped into 
cup-shaped container 8 in an amount greater than or equal to the prescribed amount. Because the 
fluid cannot pass fluid sensor 1 1 if the fluid is accidently dripped into container 8 in an amount 
less than the prescribed amount, the presence of the fluid cannot be detected, and an error signal 
is output. Therefore, the fluid is never dispensed in an amount less than the prescribed amount, 
so that the accuracy of the operation can be assured. 

[0046] 

Although the confinement part was U-shaped to form the micro-volume meter in the 
present application example, it may have any shape, for example, a V or a semicircular shape, as 
long as it serves the aforementioned function. 

[0047] 

During general analysis, often, either multiple types of reagents are used one at a time, or 
two or more types of reagents are used in a mixture. A case in which dispensing apparatus 
suitable for this type of analysis configured using the dispensing apparatus of the aforementioned 
examples are combined with measuring means to form a measuring unit will be explained below 
with reference to Figure 4. 
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[0048] 

In the figure, symbols 19a, 19b, and 19c indicate first through third dispensing apparatus; 
and the dispensing apparatus in the aforementioned first through third application examples are 
respectively used therefor. Delivery openings (the ends of the nozzles) of said dispensing 
apparatus 19a, 19b, and 19c are connected to the bottom end side of common pipe 24 which has 
a common delivery opening on one side. In addition, microvalves 21a, 21b, and 21c are provided 
near the delivery openings of the respective dispensing apparatus; and branch pipes 20a, 20b, and 
20c for supplying a gas, such as air, are connected to them. The same microvalves as those 
explained in the aforementioned application example may be used. A dispensing apparatus array 
comprising three dispensing apparatus is configured in said manner. 

[0049] 

Micro-sensor array 41 and micro-pump 26 are provided on the downstream side of 
aforementioned common pipe 24. The sensor array proposed in Japanese Kokai Patent 
Application No. Hei 3[1991]-122558, in which multiple micro-sensors are built onto a fluid flow 
path formed on a silicon wafer, for example, is used as said sensor array 14. 

[0050] 

Next, operations of the measuring unit configured in said manner will be explained. First, 
a first fluid (standard fluid 1) is supplied to first dispensing apparatus 19a through fluid inlet 18a, 
and micro-pump 26 is actuated to lead a prescribed amount of fluid dispensed by said dispensing 
apparatus into sensor array 41 through common pipe 24. The first fluid measured by said sensor 
array 41 is then drained to the outside through the common delivery opening. Furthermore, after 
the first fluid is supplied into common pipe 24, first micro valve 21a is opened in order to supply 
air into common pipe 24, as indicated by the arrow. Then, a second fluid (reference fluid 2) is 
supplied to second dispensing apparatus 19b through fluid inlet 18b, and the fluid dispensed 
there is led to sensor array 41 for measuring through common pipe 24 using micro-pump 26. 
Then, after the second fluid is supplied into common pipe 24, second micro valve 21b is opened 
in order to supply air into common pipe 24 as indicated by the arrow in the same manner as 
described above. Finally, a third fluid (measuring sample) is supplied into third dispensing 
apparatus 19c through fluid inlet 18c, the fluid dispensed there is led to sensor array 41 through 
common pipe 24 using micro-pump 26 in order to measure it in the same manner as described 
above, and air is supplied through third microvalve 21c. 
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[0051] 

When the dispensing apparatus unit is configured in the aforementioned manner, air can 
be positioned between the first fluid and the second fluid and between the second fluid and the 
third fluid, so that multiple types of fluids can be dispensed while preventing them from 
becoming mixed. 

[0052] 

The sensors used as individual sensors 42 of sensor array 41 used in the measuring unit of 
this type of configuration can be those used to detect electrolytes (Na, K, CI, Ca 5 Li 
measurement), blood gases (pC>2, pC02, pH), and enzymes (glucose, BUN). Here, fully 
automated analysis can be realized by taking measurements using the first fluid as reference fluid 
1 and the second fluid as reference fluid 2 for calibrating the sensors, and then measuring a 
measuring sample, such as a blood, last. 

[0053] 

When the micro-dispensing apparatus array and the sensor array are combined in said 
manner, multiple parameters can be measured at the same time using a single analyzer unit, and 
the analyzer can be configured on-chip, so that it can be reduced in size. 

[0054] 

Furthermore, the micro-pump may be positioned upstream of micro-sensor array 41. In 
addition, although the array was configured using three dispensing apparatus in the present 
application example, the dispensing apparatus array may be configured using dispensing 
apparatus in a number other than four [sic] as required. 

[0055] 

Next, a measuring unit, in which a dispensing apparatus array is configured by combining 
multiple units of dispensing apparatuses of the application example, and two or more kinds of 
reagents and samples are mixed for subsequent optical measuring, will be explained with 
reference to Figure 5. 

[0056] 

Here, since the dispensing apparatus array is substantially the same as that shown in 
Figure 4, it is omitted. As shown in Figure 5 (a), to common pipe 24, to the upper end of which 
the dispensing apparatus (not shown) is connected, first microvalve 35, mixing part 36, second 
micro valve 37, optical measuring part 36a, and first micro-pump 38 are provided in that order 
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from the top down. In addition, bypass pipe 24a is connected to common pipe 24 in such a way 
that its inlet opening is connected between mixing part 36 and second microvalve 37, and its 
outlet opening is connected between first microvalve 35 and mixing part 36. Furthermore, to said 
bypass pipe 24a, third microvalve 40 and second micro-pump 39 are connected in that order in 
the downstream direction. A bypass passage capable to circulating is thereby constituted by said 
bypass pipe 24a and the part including mixing part 36 of common pipe 24 and temperature 
controller 35a and temperature detector 35b are provided in the lower part of said bypass passage 
in order to keep the liquid which flows in the bypass passage at a predetermined temperature. 

[0057] 

Microvalves 35, 37, and 40 and micro-pumps 38 and 39 used in this apparatus are 
identical to those described in Application Example 1 . In addition, aforementioned mixing part 
36 can be formed by partially enlarging the diameter of common pipe 24. 

[0058] 

Next, the operation of a measuring unit with said constitution will be explained according 
to Figure 5 (a). Initially, first valve 35 and second valve 37 are opened, and third valve 40 is 
closed, actuating first pump 38 in order to introduce individually the different types of liquid 
from the dispensing apparatus array into the portion of the bypass of the optical measuring unit, 
as indicated by the arrows. Then, valves 35 and 37 provided on both sides of the bypass* passage 
are closed, third valve 40 is opened, and pump 39 is actuated, thereby circulating the liquid in the 
bypass passage. During this circulation, the liquids separated by air become easily mixed in 
mixing part 36 with a diameter larger than the flow path. This mixing persists for a 
predetermined amount of time, and is incubated using temperature controller 35a and 
temperature detector 35b provided in the lower part of the entire bypass passage. Once mixing is 
completed, pump 39 is stopped, and said condition is maintained for a predetermined amount of 
time, while the resulting mixed liquid is reacted. After said reaction time has passed, the mixed 
liquid is introduced to photometer part 36a for colorimetric measurement by opening first and 
second valves 35 and 37, closing third valve 40, and actuating first pump 38. After said 
measurement is finished, third valve 40 is opened, and first and second pumps 39 and 38 are 
actuated so as to flush the analyte fluid from the tip of common pipe 24 to the outside, as 
indicated by the arrow. Such a feature allows the separate fluids to be mixed as needed, and 
optical measurements to be efficiently conducted. In addition, since such a feature comprises a 
mechanism for draining all of the analyte fluid after measurement, the next measurement can be 
carried out without interruption. Although the optical measurement unit was incorporated outside 
of the bypass passage in the case of this measuring unit, it is also possible to incorporate it 
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internally to the bypass passage. In addition, mixing part 36 and photometer 36a can be 
integrated. Furthermore, in this example, although the apparatus shown in Figure 4 for separating 
different fluids by air was used as the dispensing apparatus, a dispensing apparatus array capable 
of supplying different fluids in sequence merely by using valves may also be utilized. 

[0059] 

A photometer with the structure shown in Figure 5 (b) or (c) may be adopted for 
aforementioned photometer 36a. In the case of the one shown in Figure 5 (b), a flow path is 
formed on the other side of silicon substrate 71 with silicon oxide film 72 formed on one side, 
and glass plate 70 is bonded to the other side of silicon substrate 71 as an anode after a through- 
hole 74 is formed at the center of silicon substrate 71 by means of anisotropic etching while 
leaving silicon oxide film 72. At said photometer, fluid 73 is filled in the flow path and the 
through-hole as indicated by the hatching in the figure, the light indicated by the arrow is 
transmitted through said fluid, and the intensity and the spectrum of said transmission light are 
detected during measurement. In the case of the one shown in Figure 5 (c), flow paths 76 and 76 
are formed on both sides of glass plate 79, through-hole 81 which connects said flow paths 76 
and 76 is formed, and glass plates 75 and 78 are bonded to both sides of said glass plate 79 as 
cathodes. In the case of said kind of photometer, because a measurement is taken by transmitting 
a measuring light (indicated by arrow 77) through-hole 81, the length of the light path can be 
assured even when a small amount of fluid is present. In this case, it is desirable to cover the 
surface of through-hole 81 using a substance with a refraction index below lower than that of the 
fluid so as to transmit the light efficiently. 

[0060] 

Temperature controller 35a and temperature detector 35b may be placed below the entire 
bypass. Because the optical measuring unit is formed on a glass substrate or a silicon substrate, 
its back surface is flat. Therefore, temperature controller 35a and temperature detector 35ba [sic; 
35b], such as a thermistor, can be easily provided on said flat surface. The reaction time can be 
reduced, and good reproducibility can be attained by applying heat. Although a peltiert device, 
for example, is used as the temperature controller, conventional panel heaters may be adhered 
together when only a heater for heating is to be formed. Alternatively, resistors, such as nichrome 
wire resistors, may be adhered together directly, or a heater may be formed by means of vapor 
deposition or sputtering. Although a thermistor was mentioned as an example of the temperature 
control, a thermocouple or a platinum temperature detector may also be used. 
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[0061] 

Next, an analyzer capable of measuring multiple parameters simultaneously, for which 
multiple analyzer units, each comprising the aforementioned dispensing apparatus array and the 
micro-sensor array and multiple analyzer units, each comprising the dispensing apparatus array 
and the optical measuring unit, are combined, will be explained with reference to Figure 6. 

[0062] 

The present device can be formed as an analyzer unit integrated on a single substrate 
using the dispensing apparatus unit and the micro-sensor array explained with reference to Figure 
4, the present dispensing apparatus array, and the optical measuring unit explained in reference to 
Figure 5. That is, because said measuring units are basically formed using semiconductor 
lithographic techniques and micromachining technology, they can be integrated in the same 
manner as a semiconductor IC. For example, approximately 200 valves can be mounted on a 
4-inch silicon wafer or a 100 mm glass plate. Even when three valves are to be used to 
constitute one pump, about 60 units can be mounted in terms of the micro-dispensing apparatus 
in the first embodiment, about 30 units in terms of the micro-dispensing apparatus in the second 
embodiment, about 20 units in terms of the micro-dispensing apparatus in the third embodiment, 
and about 40 units in terms of the micro-sensor array shown in Figure 4. Therefore, as shown in 
the present application example, an analyzer unit array provided with four analyzer units, each 
formed by combining the dispensing apparatus and the measuring unit can be configured on a 
100 mm glass plate with sufficient room. 

[0063] 

In Figure 6, first analyzer unit 51 comprises dispensing apparatus array 51a and micro- 
sensor array 51b, and second analyzer unit 52 comprises dispensing apparatus array 52a and 
optical measuring unit 52b. Similarly, third analyzer unit 54 comprises dispensing apparatus 
array 54a and micro- sensor array 54b, and fourth analyzer unit 55 comprises dispensing 
apparatus array 55a and optical measuring unit 55b. Then, as shown in the figure, analyzer units 
which perform the same functions (first analyzer unit 5 1 and third analyzer unit 54, second 
analyzer unit 52 and fourth analyzer unit 55) are arranged in the vertical direction, and analyzer 
units which perform different functions (first and third analyzer units 5 1 and 54, second and 
fourth analyzer units 52 and 55) are arranged in the horizontal direction. Thus, a total of four 
analyzer units are arranged into a matrix. 



[0064] 

Ion sensor arrays can be used for aforementioned micro-sensor arrays 51b and 54b when 
measuring ion densities, for example; and enzyme sensors are used when glucose is to be 
detected. 

[0065] 

First and second pipelines 46 and 47 for two types of reagents used to measure one 
parameters are connected in such a way that reagent 1 and reagent 2 are supplied to dispensing 
apparatus arrays 51a and 54a of first and third analyzer units 5 1 and 54. Similarly, third and 
fourth pipelines 49 and 50 are connected in such a way that reagent 3 and reagent 4 are supplied 
to dispensing apparatus arrays 52a and 55a of second and fourth analyzer units 52 and 55. On the 
other hand, pipe 48a from first sample inlet 48 is connected to first and second dispensing 
apparatus units 51 and 52. Similarly, pipe 53a from second sample inlet 53 is connected to third 
and fourth dispensing apparatus units 54 and 55. As a result, the reagents are supplied to the 
analyzer units arranged in the vertical direction in a shared manner, and the samples are supplied 
to the analyzer units arranged in the horizontal direction in a shared manner. Furthermore, waste 
fluid lines connected to first and second analyzer units 5 1 and 52 and to third and fourth analyzer 
units 54 and 55, respectively, are joined together as pipelines 46a and 47a. 

[0066] 

Operations of the aforementioned analyzer will be explained with reference to Figure 6. 
Measuring sample 1 is dripped into first sample inlet 48, and measuring sample 2 is dripped into 
second sample inlet 53. As a result, a prescribed amount of measuring sample 1 is dispensed by 
dispensing apparatus arrays 51a and 52a of first and second analyzer units 51 and 52, a 
prescribed amount of measuring sample 2 is dispensed by dispensing apparatus arrays 54a and 
55a of third and fourth analyzer units 54 and 55, and they are introduced into micro-sensor arrays 
51b and 54b and optical measuring units 52b and 55b. Then, a prescribed amount of reagent 1 
supplied through first pipeline 46 as a reagent applicable to measuring parameter 1 is dispended 
by dispensing apparatus arrays 51a and 54a of analyzer units 51 and 54 and introduced into 
micro-sensor arrays 51b and 54b. Similarly, a prescribed amount of reagent 2 supplied through 
second pipeline 47 as a reagent applicable to measuring parameter 1 is dispended by dispensing 
apparatus arrays 51a and 54a of analyzer units 51 and 54 and introduced into micro-sensor arrays 
51b and 54b. Calibration of the sensors and measuring of the sample, for example, 
electrochemical measurement, are carried out through said series of operations before the 
measuring of measuring parameter 1 is ended. 
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[0067] 

A prescribed amount of reagent 3 supplied through third pipeline 49 as a reagent 
applicable to measuring parameter 2 is dispended by dispensing apparatus arrays 52a and 55a of 
analyzer units 52 and 55 and introduced into micro-sensor arrays 52b and 55b. Similarly, a 
prescribed amount of reagent 4 supplied through fourth pipeline 50 as a reagent applicable to 
measuring parameter 2 is dispended by dispensing apparatus arrays 52a and 55a of analyzer units 
52 and 55 and introduced into micro-sensor arrays 52b and 55b. In optical measuring units 52b 
and 55b, measuring samples 1 and 2 are mixed with reagents 3 and 4 and subjected to 
colorimetric analysis after incubation. 

[0068] 

Due to the way said pipes are connected, multiple parameters can be measured on 1 
sample simultaneously by the analyzer units arranged in the horizontal direction. Furthermore, 
because the series of analyzer units provided next to them are arranged in the vertical direction, 
multiple parameter can be measured on multiple samples. Although an example in which the 
present analyzer was configured using four analyzer units, that is, two units each arranged 
vertically and horizontally, was given, an analyzer array involving more analyzer units can also 
be configured. In addition, there is no restriction in terms of the combinations of the dispensing 
apparatus arrays and the micro-sensor arrays or the optical measuring units, and a variety of 
configurations can be devised as required. 

[0069] 

Furthermore, throughout at a level equivalent to that of an auto-analyzer can be attained 
by further combining multiple units, each formed by providing multiple analyzer arrays on a 
single substrate. As shown in Figure 7, card-shaped analyzer arrays 59, 60, and 61 are housed 
like files; and the first analyzer array is provided with pipelines 56, 56a, 56b, and 56c for 
respective reagents, sample inlets 57 and 58, and waste fluid drain lines 59 and 60. The second 
and third analyzer arrays are also similarly provided with reagent pipelines, reagent inlets, and 
waste fluid draining lines. When multiple analyzer arrays are combined in said manner, 
throughout at a level equivalent to that of an auto-analyzer can be attained. In addition, because 
the combination of the analyzer arrays can easily be changed, a design which meets device , 
specifications, for example, to increase the number of parameters to be measured while 
restricting the number of measuring samples, or to increase the number if the parameters to be 
measured while restricting the number of the measuring samples, can be easily achieved. 
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[0070] 

Effect of the invention 

The dispensing apparatus pertaining of the present invention can be reduced in size and a 
fixed amount of fluid can be dispensed precisely. 

Brief description of the figures 

Figure 1 is a diagram showing an outline of the micro-dispensing apparatus pertaining to 
a first application example of the present invention. 

Figure 2 is a diagram showing an outline of the micro-dispensing apparatus pertaining to 
a second application example of the present invention. 

Figure 3 is a diagram showing an outline of the micro-dispensing apparatus pertaining to 
a third application example of the present invention. 

Figure 4 is a diagram showing an outline of an measuring unit configured by combining 
the micro-dispensing apparatus and the measuring means pertaining to the application examples 
of the present invention. 

Figure 5 are diagrams showing an outline of another example measuring unit. 

Figure 6 is a diagram showing an analyzer comprising dispensing apparatus arrays each 
configured by combining multiple units of dispensing apparatus pertaining to the present 
invention, dispensing apparatus arrays, optical measuring units, and analyzer units. 

Figure 7 is a perspective view showing an example configuration of the analyzer shown 
in Figure 6. 

Figure 8 is a diagram showing an outline of a conventional dispensing apparatus. 
Explanation of symbols 

4 ... nozzle; 5, 8 ... micro valve; 6 ... micro-regulator; 7 ... micro-pressure sensor; 14 ... pipe; 
and 15 ... micro-pump. 
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fit tc (ixf 7 * JK*ii ^ y ^ > ^ J ^»jBB3fc«t*tt*ni tc 

set tr***w^»*sn, 



ii, WHHM -2 6 6 3 7 6T«^£*V-C^5J;5ft*> 

<&$>;</is7 % mm&^x s <as * m&mm l t # > r t 

[00 181 wO^Mtirjo^TW:, »(«8«>»C>«« 

Si- 5 r £ as-e# -tiESB 1 4^ 3 
ft«S:«SfflSU rftMMS*^ »tt«<Oi»ttfiD3&s 

5 n £ ± 0 #&2gT j&sffifig £ *l# 3 „ 
100 19] -JRW*»«flC*3^Ttt#a©^liS:^S 
W8^33&>*fcfi* 2@J^±<Df*^£^LT/?l^;5C 

[0020] **wo^a»cj:»)«*$iis»assr 

^^&»*Sr2®-f5aiB]/Vyt, ^©20^^ 
fc%ztmu^M-rtf>"7k. m2<D/</i>7kvkmnk<D 

[00 2 1 ] iiDli^iyHj:, 2«£JLL©. «x. 
5 0icffiffl$Jx5 0 -©«l3£^-y Hc^TK^ f 2 



£K#fcffiga$-£:a. J; 9^3$Ui(ej||A£ 

^SrKfiK *|g 2 O/V^^SrBB* UK v:/£«H»;* 

[0022] c^SJS^y Hc*st^r, aielB±»© 

[0 0 2 3] ±mmfe^-y Hi, S^WtcH^*©!; 

5X6. 5X2mmH, r. ft£r 4 >f ^(Dis V => 
^^-^fctll 0 0mmEg*O^f7^S(C3Kj«i-$i:**- 
5 £^2 0 0i©^;^^if5: tdsaj*$ o 3®(D 

i«l7 ^ ^ / W ^BStSi: 5 ft^f 7 > Y^r4$ 
±(d^*-r -5 r £ fc prtfe-efe 6 0 

[0 0 2 4] tot, lft<0S«±(C»a3-=:y htJW 
[0 0 2 5] *3B ^ o ± u>r 

[0 0 2 6] 4 0^^^^hMt5^C(l 
^ 2 (Di«»aA p «r-t©T©«*rpI© 2 o(DT^^^ 
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*fr^-~:y F S:K*|p|icffiai- 6 r i (c J: 9 . 
[0 0 2 7] l tt<z*K±fct6»Efi 

FT W£77^/MKfcte»U £>*<0##f^- 
FT Wtctt^Jx-ettWm<0E«7^^. W»&A 

*yatWjas»$>*w £fc##r^~s> FT f>f 

[0 0 2 81 

i] s i i;:**^©^ ^ n^as^a i 
Mwz^-fo z<D%&mt*. TMmxf, z<D$cmcft 

4££f81-*. :<0/^yi 4(0±ig(cli. ^asfts 

£TMcLT^fXl 4 tll^^: tl=iJ; !>. 
*##**<0ft*}tc J: 9 X l 4 tcJSEAi-S 
<fc?.ICLT/^Xl 4lc81R$Hrv^. ^LT, 

£o tot, Bfjie^-r^nBE^>-^7>M^^T 
©T^^^i— ^*SfiR$*ifc»W¥l ~2 6 6 3 7 6 

itfi, /—^y yvotOTt;— ^ 



£ Ittt, »BB¥l -2 6 6 3 7 GX^htlX^ZX 
5 teh^/V^Z 3 oJ^^M^T^/^X^IK 

[0 0 2 9] ftfc, ±l2«^©»tt«©»ffS:HW-r 
6 0 «Sfvii/^^i 4©±SS(cH^©J;5^** 

^«TITI(7)/Vyi 4+£T*fcftJ&*oTat*l, 

^njE^i?>--^7tcB-r£o ^(T)^^ -v^T^nEE^ 
■fe>"^7lcJ:9**iSKISi©EE^3&siH^S*L. C©W^ 

©SE*j5 s *«f— S £ 4 £ J: 5 1- 7 4 - FV< y * *I*P * ft 
I/— $ 6SriiiBLfc»#«)aSH:— £{-i*fcixSo -t L 

HSr»J»UT, 0fSft<7)it|iSr/X^4Sr^LT»ai- 
■r5r^3SSffi*S. r(DK^(D/X/V4^^^ati. 

[0030] f^. m 1 (CT^r-^- 1 3 fi. ftMS^-f ^ 1 

4*^©3ST(^J:oTWS!ltr>i rta*s*J3EtC)i5©Sr 
[0 0 3 1 ] ±IB«rt^»aSg(-*3V^T«:. EE2j£»S 

[0 0 3 2] r©*!BWO#&S(c*3t*-C«U WSRtrv 

£(c{£ofc tixoyj- FV< y ^ @B3as?gjES $ v ^ -5 fc 

t «: »* ft < ISSN" 5 r t ^ ffi^ 5<, 
[0 0 3 3] W^n^au-^iii^j:^; 

ZthXZZ><DX-?4?vs</is7$:m%, -?4?vBJ3 
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[0 0 3 4] W^oE*t>f-7(i^^o 

[00 351 [*J6«2] ®2lC*«W^-f ^n5>a 

^itv^/Ha^mo :©/^^14a.Oj: 

COf^fVlal*. BBPSrTWCLT^V^l 4 a ir* 

/14a f*9tC&* (C^Ai - ^ £ 5 LT / 1 4 a iC 

<fc 0T*IC|rU&*oX!B1 O-W^n/W/S a, ^ ^ 
al/^M6a, ^4 $ nflE^jir 7 a , 
u/^/i'-fcVlH Oa, 82©W^o/Wl 

oJ3E^-fe^7 a t^-f ^ >"!M 0 a fc©Pi9 

l^/^ / 1 4 b (CHu S3 CD W ^ 8a<!:^ 

tt/V^l 4 beottSJcHt, £ft©J: 5 

>f :/l 4 b^tt/^/l 4 atc2!*K ^^14a 

*»#£?-S»#WA3« (la^frT) ifi&MtZtiX^ 
5 0 C©ft#*A¥&£l/CB:. -£o*«-C£ft£» 
«WlriSSi-5asg«Sfl|fc L < J±. :/ 1 4 b Sr 

a , 8a. 11a, W ^ a $ 6 a , W ^ 

a. i^v/f^n^S adilH 

^ryi 4 a tp%m.tiz>nMt2i%t<Dyt<nmmm<Dm^ 

[ o o 3 6 J £TFtc. S5 2 ©*ft«^aS<z>»f^«rfft 

^-r^o ^i^^/^5 a&mj&i~z>zt\z& 

^ p/W5 a t^v/f ^ d L^^a l/-^ 
6 a^U^^p^tVt7 a\zmi~Z>» ^4? 



i£*fc£«*Affl05W£^:/l 4 bASSjRSix-O* 
6 0 r©$S8AfflO»ft^^l 4 b\z.\t%Z<o^4 
?v/<;Uzf8 a tW^n^9 a £j&SSBB£*Vt:i3. 

— gOStSTTV^ :/ 1 4 a ty&ffitlX^&VMWC 

«sjxfc-a©Kaia»2 b.t L-ct^s. c<z>#«£*i 

«to/Wt>t 1 0 a W^^-L, iBSLfcW 

[0 0 3 7] cr-C, iT^Vyi 3 attMUlOffTK: 
ioT^ieyi art*|5©W|||Jcd^5*:*j3E3&s«^L 

[00 3 8] Z<Df&2<0&mW<Dft&&l£*5^Xtt:. & 

$ttr^-5fc«>. w^o»a»ic«A-r6KIII*c« 
$f>ic % 8 2©/<^l l a<oBBBBi*Pfl«)»S(lc«>/< 

i a^§as§<ojc&apafij-ftflpL, 
£m.<Ds<7/i<%mtK&)izmALx, -i^i^2.b 

[00 3 9] ^ o 1/—^ 6 a li±3S<0 

J: 5 ^«5g3& s ^^(cB« LTfc!), ^Vuzf k Lxmm 

nEE^3-fe>-^7 a i:^^ ^ o l/3f^ ^ 6 a <O^X^ 

4?v#m&<o±mnzw&i-z>^kh^mxhz>o * 

fc. ^ nJE^J-fe Vf" 7 a JiW ^ n l-^r^ ^ 6 
a (D]£t&fcWtW&tl'X\f s fl fi PflH t ft e> ^ ^ ^ 

[0 0 4 0] [*JS«3] @3^**w©^>r^D»a 
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c£a>e>fc5 0 ^©^>f^l 7©*¥Sl 7al:f±, T 

JB2(DW^n^V^l 2 b i*SR^t,ixrv^5 0 *L 

WIE»E#ffl«>a 17bll, 1 7 a 

U^tftc^f :/£«ft S*T*fi6SixT^5 0 
[00 4 1 ] rofB3©Sll6Wo»agt?fflv^e>JxS^ 

a, 1 2 b <t LTte. » 1 HlKWr-Jfi^fctOi:^ 

(Dtmmztimzo *it* m&~t>y—i i turf*. 
ib 2 ©sasffyx?}* ^fc^^/v-fe- ^ih-fc*©* ^ s 

«»ffl*a 1 7bti, 7K¥^ 17a <Ds*/u7 1 0 

n^y/l 2 a, 1 2 b £ urri. 1 - 2 

6 6 3 7 $T*&^btix^&&i%h<o^s<ju7&fflBL 
[0 0 4 2] r©»3©HjBS«©5»aS8©»»fi. -^^ 

[0 0 4 3] ftffljc, 81©/^1 0£§BfifcU !£2 

ftttSS 1 <D;</u7 i o £iii§ LT. 1 7 a <D%^ 

^t6<h^(^, »20/Wl 6£§H/£L-t, »2<0sK 

>y 1 2 a t>ff»^*"C, aSA^I OOTStill©*^ 

[0044] ±m-^<?v%m%Y<omm££*)m 

ttiSff#^±«L<>S:-5 0 IIl3lc^J;5fc:u*«j6 
<£>-^£*¥t- (^fctt-tti^TJcJfU) ft if 5 Jr. » 



Bi" 5 »# *«5S <0 "CUt 9 ft If fcift jS£JIT tc L 
i**5:tlit*ftK lot, '-£fi»±<Z>«#£ 

-^T*»S^fg4jK#ft«±C!>**WLjT!? fttf fetLfcSE 
te, W*>, 7 a tcfeft&tfo £©#rt>*(f 

*fcsesn 7cfii*ra^©t% jRfrdssaa 

1 7 clcj*tti&tf-fctt^V ftoT. »#[*. 
^^tf*-r"<t5(C. «»«a?>«l 7.bt*¥Sl 7 a CD 

-atlcJ:D«^$JxfcS»ffrt(c«f), »2©W* 
n/Vuy 1 6£B9J*U » 2 1 2 b£ 

-fZZ-k&X'Z&o Sot, #v3&MK£J& 

[004 5] «rB»*-fc >^ 1 1 f*3r£*E*±<D*{« s 

tot, 3f5t*J^T©*#Sr»aLTL* 
[004 6] **ftWtC*3^T^V * n*fl:H-Sr«J*i- 

[0047] — f&f&teftmz3o^xn£m<Dnm%#K 

[004 8] 8*9*19 8, 19b, 19cf4. 

:tlf)M^19a r 19b, 19c©etfflP (/ 

/^^©»tfflPiS<ttt, ^^d/W2 1 a, 21 
b, 2 1c^r{ix. ^«9©ft#*«»+6fc«>©»« 
/W^20a, 2 0 b, 2 0 cASftjRStLT^So m 

[0 04 9] Hyfe^ii^V y 2 4 <OTM«i^ ^ 9 
nir>^-TU-T 4 1 <t-^^^n7K>^2 6 b&$tHb 
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y Jticj&J L fc^aKKlfiS©-^ ^ o -fe 

[0 0 5 0) jfclc, r<o«t ^ftflfJft^JRI^^y h©» 

7^4 ll^< 0 ^LT. r<OirV-y-T^-r 4 lti 

arfr («*«# 2 ) £§g 2 o»a» 1 9 b icai&A p 1 

iSfl:dS*ji/^^2 4(cttl&Lfc«l-. ^2<0-v>f>>n 
3 <D#&3i 1 9 c tCf£#AD 18c^ LT#*e 

»^y24^ut>t7W 4 1 ic^tmJiet 

1 c^Lt^«f^ 0 
[00 5 1] ±!E^>J:5t-4>a3S^-y K^rHl^t-^r 

[0 0 5 2] h-Cftffl-f-S 
tyfTK 4 1 <0fi*©-fcVth- 4 2 £ LTi*R/ftK 
(Na, K, C 1 , Ca, L i $J£, ) . ]iL»#;* (P 

o 2 , pco 2 , p h) , mm (p/i'^—x* bun) n 

« 2 ©»*Sr«lpiK# 2 £ LT«£ Li? ^f— ©«]E«r 

m\ *«icjiajK«:*<o»i^istss:aysi-'5r t\^xr> 

[0 0 5 3] I© J: 5 ^ o»a»7 W 1: t >t 

-T W £ ^m^^t>-fr 6 r t tC J: 9 1 ^(Dfitif^^y 

yy±T*ftvfmm%ffi&-f z> z t &x%z><ox'bm{£ 

[0 0 5 4] 4*5. ^^n;K>:/cD&Mi:J:^^n-fe 

[0055] n»«©»a«s:aajisa^'&t?*"c 

»7K«u 2««±©K3&l3£tfk**£fi 



[0 0 5 6] ft, r<DH15Tti. «7KI1 14 

(a) i^-fi^t-, I^Ii:i^l^v^^7W 
tmU^Mz^M^ zf 2 4 let*. T»ffiSfcl^l3&»o-CKB 

2£>^^n/^U^3 7, if»3 6a, 
ltOW^nsKv:/3 8*SKttb;h/tV^5. *ii 
^^2 4^1130^^2 4 a*S, Cl*t©StAnAS* 
^^f-^-^3 6 £^2tf>~^^P/</K/3 7 £©BK 

1^5. *LTC©ffiU/*>f 7/2 4 aldfi. TMi^^ 

a^^2 4o^^ft^3 6^tf— s^-ena 

SI3 5a fcfiSttffl*^ 5 b fcj&SEBSH, iflelB 
[0 0 5 7] r:©|SBtcfflv^e>JxS^^^D/</u>^3 

5. 3 7, 4 0&lfW ^*#V;/3 8, 3 9 ttfS 1 H 
[0 0 5 81 i^J: 5 4*J*©»l^=y 

rt&ms ( a ) \c^xmm-r^ 0 mm^y 

LT\ it®f&<Dffim<Os</\s7 3 5. 3 7«U £fc 
»3©/V^4 OfcHItt. ^3 9^1^T, if 

^3 5 aRt^fflSSItB*^ 3 5 b \££ ^^jl^ 

»1 3fet/II»2<D/Vu^3 5. 3 7>lr^U. ^3 
<D/^^4 OSrEBfifcL, ©sKv^3 8SriB»L 

T»*«3 6 atc©^, ItfejW^Srfir?. r©a»^*T 

fB3^</^4 0SrBBj«L, »1 3fetJ t tC»2 02KV 
^3 9, 3 8«r»«$*S^ttcj;9«l*fai#*, *ii 
^^2 4©*Sg3&^5cHJ*c^-t-J:5^aic:#W1- 
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5. ZOMfe^-v hr*tt3t*«^aSriIl2lB©^^a 
*fc, ^^^^ + -^3 6^$ij7t^3 6 a $r-0(C^t 

# 5 J: 5 ft »a»r i^r r* t> m \ 

[0 0 5 9] m)iBS>J3t^3 6 a <*: HI 5 

(b) . (c) ic^-fJipftfll^^^sSfflStt* 
£o ®5 (b) (C^i-fc^fl. HRrai-^^BMfcR 

ffi»£LTW£Lfcfc©-C&S 0 r©J:5 4a!l'*a-C 
11, »#7 3«^^fy^tJ: o\cffif&bnm 
UhlzffifzZti, *Hl7 4-C^-r3feSrr<OiS(*:S:Si§* 

0W£j&sm>ftS. HI 5 (c) fc^ffcori, 

7 9 <^>r^WffitC^SS 7 6 , 7 6Sr^«*t5iH 

(C v me^SS7 6, 7 6«5S:»«-r 5H*JL8 1 £ 

7 5, 7 8 J: 0 31 klc£?>m 

# (*PP7 7T*^i-) «r»ii?L8 l ^SiBSiirSrirtc 

[0 0 6 OJ SriEffIsI»S±*^TafCiBft*J»a3 5 a 

~y hn^y^m^^yv ^ >mm±\m$.£tih<bx 
*k e^-aiia»:«^t>*ijfflt?#$ 0 

lo 0 6 1 J #ct£. Srs»ffi8r u-f t o-t>^ 

[0 0 6 2] r©KB«t, 0 4Sr#J?gLT»WLfc#a 



^^-J^cill 0 0mmH*©^7^8J:l:ft2 0 0 
»aS^»»-t"S £ 6 Ofieft, $ 2 <Z>HJSW©W ^ 

3*LfcJ: pfc 1 0 0mmE;£(O#7*&±lC#&^-^ 

iLfc^-y F7^^^IS?:j|orifi£t 
Z>Zb&XZZ 0 

[0 0 6 3] H6(C*5l^T, ftWftlRsL^y h5 ltt 
#&3gTW5 1 a ^ N W^ni?>t-7K5 1 b 
8 2 OM^^y h 5 2 «t»ft87 l^-r 5 
2ah 3t*H^~3> b 5 2 b t^^iot^o 

3 <0»«f 3-= y V 5 4 (i5>^T W54a^ 
W^otyf-7W54b^H^l »4<D#W 

PI £«fB£*fc^#*r^ = y h (5$ 1 ?>##r^~ y h 5 

in. Zl,X&tezmm$:%:tc-fftm^~y h (^ltt; 

I^SOM^-^FSl, 54^ f2t^4(0 
M^7F5 2, 5 5) tfi«*(Rl«CS»*Jx. ±fc 

t LT4 ^ httvhyy^ ^tttcfiR 

[0064] &^^Dtyf7K5 1 b. 54b 

[0 0 6 5] lO«>ai^itC»-t*S2a©R|6<Dfc4?) 
(0^1^Uf|C^2<7)^f : 7-f V4 6, 4 7iS, glti; 

£ftT^6 0 ^tC^3M0 t (C^4<0K i i7-f ^4 9, 
5 0dS«2*t/(Cia4©»«fi^s'h5 2, 5 5©^ 
3§XWf5 2a, 5 5 a (C^|g3 agWcKJi 4 Srfifelg'*- 
6J:5£«»*;h/r^5 0 »l©S*SttAP4 8 
*»f>©BBfi : 4 8 a fcfSl ^l^(C^2^5>a^-^^ h 5 

k 5 2icmm£ti.. mmc i2©i«ttAP 5 3^ 

b^SB^ 53aU*3 JfeWcfg 4 (£>#&^- ^ h5 4, 
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%my4>4 6 aRXl4 7 a 1 M 

fay 4 t %>tc \><DX$> S 0 
[00 6 6] £JLTI-, -hfS^tff^© <o»f^ ^ !KJ 6 £#M 

2 a T\ $J£l*£f 2 j&Sfg 3tm:l 4 C>^#r^- ^ h 5 
4. 5 5ftcD#&^TW 5 4 a, 5 5 a 

r, -7>r ^ n ir r ksu 54b swi^ 

y y 5 2 b&tf5 5 M£SA$*v5o «^ 

3&^fit«3F*Lfc3rS*©KIII 1 y h 5 1 , 5 

4 PVDftm^T W 5 1 a , 5 4a T-#&£*VC, W 
^atyf-7W5 1b, 5 4 btcSA$tt5o I3« 

MS* B ll:Mt5^1^2^f7^y4 7 
^&««S*ifcBifS*©WJS2ds»«r3.^y h 5 l , 5 

4 ft<Dft&$%7 \"{ 5 1 a , 5 4a "C^^^ixT, W 
^ntyf-7K5 1b, 5 4 btC^A£tl"5* -tt 

[0067] ws^ea 2^*si-5ttii©»3©BBff7 

5 2, 5 5^^7W52a, 5 5 a £ ft 
T, )ta^yh5 2b, 5 5 biciHA£*l6o 

ofrbm&£Htcffifem<Dum4tfftft^~? hs 2. 

5 5 f*30#&2£T W52a, 5 5a T? jM££*L#¥W 

- ^h52b. 55b izmAZh&o yt¥mfe^~ 

y h 5 2 b , 55b rt-ettjWSi*** 1 &Xf\C 2 fftHS 
frftt>frZ> 0 

[00 6 8] £ ©Ef ^»a-CW: 1 0(^)W*Hc# Ltifcfr 

tt, «2of o©4o©»ff^y FtifiSlfefil 
^ Lfc#* J: 9 £ < <£>##r^~ y h £KM Lfc»«f T 



i7^^Dtyt-7Wtfcii^|j^^7 boia 

[0 0 6 9] Sfefcu lftOSSilCfiftEtlfcdff 

7ic^i"J:5l^*— K*to4MffTU>T«r5 9 f 6 0, 6 

-YtCtt-ttL-^iiWIgOiaff^WVS 6, 5 6 a, 5 6 
b, 56c, SWaAP5 7, 5 8, MIfr7^fy 
5 9, 6 0#Kttb*lS o 2fti, 3ft@©M7W 

[00 7 0] 

[Hi] *3sw<7>»i<oniswic«t>5^>f^o»a» 

[13] **W©«3^)SI3fc«^#to5W^n4>a» 

[ni4] **w.©sijs«ic«fc>5w^n^a«t«s 

[H6] *»W^IIJIS«lc«to5»tt»Sra*filft^ 

id 7] a 6 ic^i-5>«fKa<D»ri£o-«sr^-rflaH 
[118] m&<D#&^<D-M£ui$m^tmxhz>o 

5, 8—W ^ n/Vl^/, 6-7^Pl/ 
1 5*-7^^ptK>X 



[Hi] 



ID2] 



IH31 



[is] 
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Ii7] 




-12- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ black borders 

□ image cut off at top, bottom or sides 
faded text or drawing 

blurred or illegible text or drawing 

□ skewed/slanted images 

43f color or black and white photographs 

□ gray scale documents 

Klines or marks on original document 

□ reference(s) or exhibit(s) submitted are poor quality 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



